Neonatal ablation of the suprachiasmatic nucleus in the rat has two important consequences. First Functional and morphological plasticity are commonly observed when lesions are inflicted on the central nervous system during development. These effects are in marked contrast to the sequelae of similar lesions produced at maturity when both functional and morphological plasticity are often limited. This disparity between the effects of lesions on the developing and the mature nervous system has been noted for a number of systems in several species including man (1-7). Among the systems studied, the rodent visual system has provided a striking example in which both functional and morphological plasticity have been extensively analyzed during development (8-11). However, these studies have concentrated on higher visual centers and on visually guided behavior. Recent studies have demonstrated that another visual pathway, the retinohypothalamic projection terminating in the suprachiasmatic nucleus (SCN) of the hypothalamus (12-14), mediates a separate visual function, the entrainment of circadian rhythms (15-17). The SCN has been shown to be a critical component of the central mechanisms of circadian rhythm generation because ablation of the nucleus results in the loss of all circadian rhythms studied thus far (see refs. 18-20 for reviews). The SCN of the rat is formed prenatally (21) but exhibits a poorly differentiated neuropil at birth (22). The retinohypothalamic projection first innervates the SCN on postnatal day 3-4 and achieves an adult pattern of innervation by day 10-15 (23, 24).
ther are tested as adults, and the females exhibit constant vagina estrus. These observations indicate that the central neural mechanisms responsible for the generation and entrainment of circadian rhythmicity in the rat are not capable of either the functional or morphological plasticity characteristic of other developing neural systems.
Functional and morphological plasticity are commonly observed when lesions are inflicted on the central nervous system during development. These effects are in marked contrast to the sequelae of similar lesions produced at maturity when both functional and morphological plasticity are often limited. This disparity between the effects of lesions on the developing and the mature nervous system has been noted for a number of systems in several species including man (1) (2) (3) (4) (5) (6) (7) . Among the systems studied, the rodent visual system has provided a striking example in which both functional and morphological plasticity have been extensively analyzed during development (8) (9) (10) (11) . However, these studies have concentrated on higher visual centers and on visually guided behavior.
Recent studies have demonstrated that another visual pathway, the retinohypothalamic projection terminating in the suprachiasmatic nucleus (SCN) of the hypothalamus (12) (13) (14) , mediates a separate visual function, the entrainment of circadian rhythms (15) (16) (17) . The SCN has been shown to be a critical component of the central mechanisms of circadian rhythm generation because ablation of the nucleus results in the loss of all circadian rhythms studied thus far (see refs. 18-20 for reviews). The SCN of the rat is formed prenatally (21) but exhibits a poorly differentiated neuropil at birth (22) . The retinohypothalamic projection first innervates the SCN on postnatal day [3] [4] and achieves an adult pattern of innervation by day 10-15 (23, 24) .
The purpose of the present study was to determine whether ablation of the SCN of the rat prior to the arrival of the retinal projection would have the same effects as in the adult, or whether morphological and functional plasticity similar to that noted after early ablation of higher visual centers would result.
METHODS
Pregnant albino rats of the Sprague-Dawley strain (Hilltop Farms, Scottsdale, PA) were housed in individual cages in a temperature-controlled animal room with a diurnal lighting schedule (12-hr periods of light and dark; lights on, 0700-1900 hours). During the second day after birth, the litters were randomly divided into two groups. One group of pups received The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. 25 and 280C, varying less than 1.50C in any 24-hr period. Female rats were handled daily between 0900 and 1100 hr during vaginal smearing, and all cages were cleaned once a week during these hours. Food and water were continuously available. After 5-7 days of acclimation to the cages, spontaneous locomotor activity and drinking were recorded continuously on an Esterline-Angus event recorder. Each cage was divided into four quadrants and movement among the quadrants was registered by a tilt device and recorded on two parallel channels of the recorder by the four combinations of the two positions of each of two channels. For this reason, each 24-hr record of activity is represented on two lines in Figs. 1-3. Drinking was recorded by the rat's head breaking the beam of a photocell located inside a short cylinder fitted around the drinking tube and recorded on a separate channel. A time delay of 3.3 sec was introduced in registering successive events in both activity and drinking.
At the end of behavioral testing the rats varied in age from 100 to 152 days. Animals with SCN lesions were sacrificed within 3 days for histological analysis of the lesion. Prior to sacrifice, each nonblinded animal received an injection of 25 ACi of L-[2,3-3H]proline (New England Nuclear) in 5 ,l of 0.9% saline into the vitreous humor of the left eye. Twenty-four to 36 hr later the animals were sacrificed by transcardiac perfusion with 10% formaldehyde in 0.9% saline. The brains were processed for autoradiography as described (12, 14) . The following observations are limited to data obtained from animals with complete bilateral ablation of the SCN and their littermate controls. The number of animals in each group were as follows: male-intact, 2; male-blinded, 1; male-SCN, 3; male-SCN and blinded, 1; female-intact, 6; female-blinded, 4; female-SCN, 2; female-SCN and blinded, 1. Abbreviations: SCN, suprachiasmatic nucleus; CI, cornification index.
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RESULTS
In a recent study (25) power spectral analysis of activity data from hamsters with SCN lesions revealed significant periodic function that was not evident from visual inspection of the activity records. For that reason the drinking records, for 20 consecutive days, of three control animals and six rats with SCN lesions were reduced to numerical data for power spectral analysis by counting drinking events for each day for successive 2-hr periods beginning at 0500 hours. The data were subjected to power spectral analysis* and compared with power spectra generated from series of random numbers.
Both male and female control animals were most active and drank predominantly during the dark phase of the light cycle (Fig. 1) . Female controls displayed regular estrous cycles [4] [5] days in length (Fig. 1) absence of the usual circadian pattern in both behaviors (Fig.  3) and there was no evident entrainment to the light-dark cycle or to other environmental cues. Activity and drinking appeared randomly distributed across a 24-hr cycle in both male and female animals. Furthermore, the records from blinded and sighted animals with lesions were indistinguishable. Comparison of power spectra of drinking events from controls and animals with lesions supported these observations. All control animals showed a large peak centered at 24 hr; two showed a lower amplitude peak at 8 hr, and one showed a small peak at 4.8 hr (Fig. 4B) . In contrast, analyses of random number series yielded flat spectra (Fig. 4A) . Analysis of data from animals with lesions FIG. 4 . Power spectra derived from Fourier analysis of a random number series (A) and drinking records from a control female rat (B), a female rat with neonatal SCN ablation (C), and a neonatally blinded male rat with SCN lesion (D). The spectral intensity represents the degree to which a sine wave oscillation with the frequency indicated on the abscissa accounts for the variability in the data. The broken horizontal line in each case indicates the mean power spectrum. similarly failed to yield clear peaks. In three of six cases the spectra were flat with no evidence of circadian or ultradian periodicities (Fig. 4C) ; the spectra for the other three rats showed low-amplitude peaks near 24 and 4.8 hr in two cases (Fig. 4D) and 24, 6 , and 4.8 hr in the third. However, the fact that these peaks were comparable in amplitude to the largest peaks generated by random number series implies that they probably do not reflect either true circadian or ultradian periodicities.
The autoradiographic analysis indicated that no retinohypothalamic projection formed in the absence of the SCN. No significant labeling was evident within any region of the hypothalamus in any of these brains in which the SCN was totally ablated (Fig. 5) . Particularly careful attention was paid to areas bordering the SCN-e.g., the periventricular area, anterior hypothalamic area, and medial preoptic area. In the three cases with partial damage to the chiasm, dense labeling of the optic tract was present and there was significant terminal field la- (26) . Removal of the eyes on postnatal day 2, which would prevent formation of the retinohypothalamic projection, has no effect on the development of circadian rhythms in activity and drinking, confirming and extending a previous study in the rat (27) . Third, ablation of the SCN early in development has persisting effects in adult life that are identical to those observed after ablation of the nucleus in the adult (18) (19) (20) . In addition, the estrous cycle is abolished in the female, an effect probably attributable to the loss of central circadian mechanisms which are known to regulate the rodent estrous cycle (19, 28, 29) . Thus, the developing nervous system exhibits no greater functional plasticity than the adult nervous system in respect to its capacity to generate circadian rhythms after ablation of the SCN.
These observations provide further confirmation of the importance of the SCN in the generation of circadian rhythms. They also suggest that central neural mechanisms necessary for circadian rhythm generation are highly genetically specified and have a very limited representation in the mammalian brain.
